INTRODUCTION
Accurate computation of the water balance is necessary for many hydrological, water management, and climatic purposes [DYCK 1985] . Water surfaces and land cover significantly contribute to the return of water to the atmosphere. The need to know the quantity of water lost from lakes through evaporation is common in mass balance studies of lake water and lake chemistry [WINTER et al. 1995] . The water lost from vegetation through evapotranspiration respectively green water plays a prominent role in the global crop production with environmental impact [QUINTEIRO et al. 2018] . The evapotranspiration is assumed equal to the evaporation demand which is normally represented by pan evaporation or potential evapotranspiration [MORTON 1983 ]. Evaporation/potential evapotranspiration losses are difficult to measure directly, so different calculation methods have been developed. The hydrological literature contains a wealth of evaporation/potential evapotranspiration equations with different data requirements [OUDIN et al. 2005] . XU and SINGH [2001] classified methods for measurement and estimation of evaporation/potential evapotranspiration into five groups: 1) water budget [GUITJENS 1982] , 2) mass-transfer [HARBECK 1962 ], 3) combination [PENMAN 1948 ], 4) radiation [JENSEN, HAISE 1963; PRIESTLEY, TAYLOR 1972] , 5) temperature based [BLANEY, CRIDDLE 1950; THORNTH-WAITE 1948] . Overviews and evaluation of many of these methods are found in a lot papers or books [AZHAR, PERERA 2011; BRUTSAERT 1982; DJAMAN et al. 2015; JENSEN, ALLEN (eds.) 2016; LU et al. 2005; MORTON 1994; OUDIN et al. 2010; PANDEY et al. 2016; PARMELE, MCGUINNESS 1974; RÁCZ et al. 2014; ROSENBERRY et al. 2004 ROSENBERRY et al. , 2007 SINGH, XU 1997; TABARI et al. 2013; TRAJKOVIC, KOLAKOVIC 2009; WINTER et al. 1995; XYSTRAKIS, MATZARAKIS 2011] .
The methods for calculation of evaporation/potential evapotranspiration, respectively requirements of the input data, temporal or spatial resolution and so on, should be optimized for the aims of the study. Our study is focused on the use of equations in the water footprint studies with large scale or regional/global coverage. These type of studies typically use data with an important level of uncertainty or data defined in the Life cycle assessment standards as "secondary" [ISO 14046:2014] . The uncertainties in data used in water footprint accounting can be very significant . More authors , PFISTER, BAYER [2014] , BOULAY et al. [2015] ) recommend solving water footprint studies in the monthly step.
The Penman-Monteith equation [ALLEN et al. 1998 ] has been revealed as the most accurate model of evapotranspiration under various climatic conditions [ALLEN et al. 1998; ALI, SHUI 2009; JENSEN et al. (eds.) 1990] . On the other hand, it necessitates several climatic parameters that are not always available [DJAMAN et al. 2015] . For these situations, more simple empirical equations for evaporative loss needs are used and evaluation of equations is usually done according to the Penman-Monteith equation. Rarely, the evaluation is done according to the evaporation pan measurement. An evaporation pan provides measurement of the combined effect of temperature, humidity, wind speed, and sunshine on evaporative demand and is used for practical applications in water resource planning and management. It was recommended by the World Meteorological Organization (WMO) to use a 20 m 2 tank as an international interim reference tank [SHIKLOMANOV (ed.) 2009] . Studies with long data series using these tanks are rare and serve to assess or calibrate models and smaller evaporimeters [CABRERA et al. 2016] .
MATERIALS AND METHODS

STUDY AREA
The study was carried out in Jihočeský region in the Czech Republic at the Hlasivo evaporation and climatological station of the T. G. Masaryk Water Research Institute, public research institution. Hlasivo station is situated in the South of the Czech Republic near the city of Tábor (49.4981083 N, 14.7560247 E) at an altitude of 540 m a.s.l. Hlasivo station was built in 1957; it has a 20 m 2 tank (from 1956), GGI-3000 pan (from 1957), and Class-A pan (from 1962). In the past, there were other types of pans, but at present only these three types remain. The water level is measured by a digital sensor located directly on the stainless steel tank. The principle of measurement is the sensing of hydrostatic water pressure. Daily evaporation in the tank (E 20 ) results from the difference between subsequent readings corrected with rainfall. Currently, these meteorological data are measured at Hlasivo station: air temperature at 2 m above ground level, relative humidity at 2 m above ground level, wind speed at 10 m above ground level, solar radiation, precipitation, and water temperature in the pans [BERAN, VIZINA 2013] . Since 1998 soil temperatures have also been measured at 5, 10, 20, 30 and 50 cm below ground level. Evaporation is measured from May to October. Statistical characteristics of measured evaporation are shown in Table 1 . Mean monthly evapotranspiration and temperature at Hlasivo station are shown in Figure 1 . The dependence of evaporation from the 20 m 2 tank on air temperature at Hlasivo station is shown in Figure 2 . 
EVAPORATION/POTENTIAL EVAPOTRANSPIRATION ESTIMATION EQUATIONS
The selection of nine equations was based on their simplicity in terms of a number of climate parameters necessary to solve them. For the study, only equations based on average air temperature (T mean ) were selected. The equations used T mean selected in the form of used temperature in Celsius degrees. Some equation use other variables such daylight (d or D) or extra-terrestrial radiation (Ra), but these variables are not dependent on the climatic conditions. In the 1950s, measurements were taken of evaporation with the floating pans in four water reservoirs in the former Czechoslovakia. Two empirical equations based on mean air temperature and mean saturation deficit were derived from these measurements [ŠERMER 1961] . For this study we use the equation for daily evaporation (E) in mm per day based on mean temperature:
Data from Hlasivo station were analysed by several hydrologists. BERAN and VIZINA [2013] 
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Where: d is the duration of average monthly daylight in hours and N is the number of days in the given month (28-31). For calculation d we used the CBM model [FORSYTHE et al. 1995] . The annual value of the heat index I is calculated by summing monthly indices over a 12-month period. The monthly heat index i for month j is obtained from the equations:
The Thornthwaite equation has been widely criticized for its empirical nature but is widely used [XU, SINGH 2001] and it has been shown to estimate best in humid climates and to substantially underestimate in arid or semiarid climates [JENSEN et al. (eds.) HAMON [1961] derived a potential evapotranspiration method based on mean air temperature in the form:
Where C is constant 13.97 for calculation E in mm per day, D is the hours of daylight for a given day (in units of 12 h) and P t is a saturated water vapour density term. XU and SINGH [2001] 
The next widely applied formula is an equation by BLANEY, CRIDDLE [1950] . This formula was used often in the water footprint studies due to its simplicity [CHAR-CHOUSI et al. 2015; MIGLIETTA et al. 2018 Where: c is an adjustment factor which depends on minimum relative humidity, sunshine hours and daytime wind estimates [DOORENBOS, PRUITT 1977] , p is percentage of total daytime hours for the used period (daily or monthly) out of total daytime hours of the year (365 • 12) and can be calculated by:
Where: d is the duration of daylight and we calculated it by the CBM model [FORSYTHE et al. 1995] . In the first step we calculated E 7 with c = 1 and for the derivation of c value we used a linear regression equation:
( 1 5 ( 1 6 ) Where: C is a climatic coefficient representing the linear dependence of evapotranspiration E and percentage of total daytime hours p. For Hlasivo station we have evaluated an average ratio E:p and average temperature for three months with the highest evaporation in the year (June, July, August) according to the Kharrufa methodology [KHARRUFA 1985] , and in the nomogram (Fig. 1) we selected coefficient C = 0.25.
The last equation selected for our study was presented by OUDIN et al. [2010] for temperatures higher than -5°C:
( 1 7 ) Where: R a is extraterrestrial radiation. For calculation of R a we used equations described by ALLEN et al. [1998] .
EVALUATION OF EQUATIONS
A dataset of monthly evaporation from 20 m 2 tank in period 1957-2016 for May, June, July, August, September and October was available for the study. We calculated the average daily evaporation (E 20 ) in each month of this period.
Two datasets of average monthly temperature were used for the study. The first data set contains measured data at the Hlasivo station for period 1957-2016. This dataset was used for statistical analysis of deviations of equations described above. Unfortunately, for the period 1957-2005 was available only average monthly temperature data for the May, June, July, August, September and October. It leads to the evaluation of Thornthwaite equation (4) only in the period 2006-2016. All other equations were evaluated for the whole period.
The second data set contains temperature data for the period 1961-2017. The data come from a grid dataset with a resolution of 25 × 25 km created according to the methodology described by ŠTĚPÁNEK et al. [2011] . Interpolated data for the catchment area are then calculated according to the long-term average of 1981-2010, which is obtained from the detailed raster with a resolution of 1 × 1 km. The detailed raster respects the orography of the terrain and is constructed according to the methodology described by ŠERCL [2008] . This dataset represents common situation when the real measured temperature is not available for studied location but interpolated or gridded data are available. The correlation between measured and interpolated temperature is very high with cross-correlation coefficient R 2 = 0.958. Statistical analysis for each temperature data set was divided into two steps. In the first step, deviation between the observed value of evaporation (E 20 ) and predicted values of evaporation/potential evapotranspiration were calculated by individual equations (E x ) described above.
∆
( 1 8 ) Each predicted value was classified into one of three categories. The first category included predicted values which have an absolute distance from the observed value lower than 0.5 mm per day (-0.5 < ∆ < 0.5). The value of 0.5 mm per day represents the approximate standard deviation of measured mean evaporation in the individual month at Hlasivo station (see Table 1 ). The second category included predicted values which have a distance between ±0.5 and ±1.0 per day (0.5 ≤ |∆| ≤ 1.0), and the last category included predicted values with a distance from the observed value higher than ±1.0 mm per day (|∆| > 1.0).
In the second part of the statistical analyses, statistical indices were calculated. Pearson's product-moment correlation coefficient (r) describes collinearity between observed (E 20 ) and predicted (E x ) variates, although it is criticized by some authors (e.g. WILLMOTT [1981] ). WILL- MOTT [1981] suggests computing and reporting the index of agreement (d). The root mean square error (RMSE) and the mean absolute error (MAE) summarize the mean difference between observed and predicted values. MAE is less sensitive to large forecast errors and is preferred for small or limited data sets. RMSE is practical as it shows the errors in the same unit and scale as the parameter itself [EFTHIMIOU et al. 2013] . The mean squared error (MSE) penalizes large forecasting errors since the errors are squared. The mean bias error (MBE) describes the bias of predicted values.
Computational forms of all the indices are given below:
Where: is mean value calculated by:
In the last part of the study, we compare results of statistical analysis for both temperature data sets.
RESULTS
Comparison of each empirical equation was made between mean monthly evaporation/potential evapotranspiration and observed evaporation from the 20 m 2 tank at Hlasivo station. Evaporation from the 20 m 2 tank was selected as a benchmark method for comparison, taking into account that is recommended by the WMO as an international interim reference evaporation pan.
MEASURED TEMPERATURE DATASET
The correlations between the nine empirical methods against pan evaporation when the measured temperature was used in equations are shown in Figure 3 , where the X-axis represents mean monthly evaporation from the pan and the Y-axis represents the mean evaporation/potential evapotranspiration estimated from the above-mentioned nine equations. In order to have a quantitative evaluation, the correlations between results obtained by the nine empirical methods against evaporation from the 20 m 2 tank were analysed using the linear regression equation: Explanations: SD = standard deviation, a, b = regression coefficients, R 2 = cross-correlation coefficient, d = index of agreement, RMSE = root mean square error, MSE = mean squared error, MAE = mean absolute error, MBE = mean bias error, E 1 -E 9 = as in Fig. 3 . Source: own study. (26) The resulted regression coefficient a and b, together with the cross-correlation coefficient (R 2 ), are presented in Table 2 and in Figure 3 .
The deviations (∆) between observed and predicted values were categorized into the three categories and the results are shown in Figure 4 . The first three equations (1-3) given by Šermer, Beran-Vizina, and Mrkvičková, which do not include daylight or extra-terrestrial radiation, reached the lowest amount of ∆ in category 1 (∆ is between -0.5 and +0.5 mm•(24 h) (13) has worse statistical indices than other equations but is a little bit better than equations (1-3), which only use temperature as an independent variable. 
INTERPOLATED TEMPERATURE DATASET
The correlations between the nine empirical methods against pan evaporation when the interpolated temperature was used in equations are shown in Figure 5 . The resulted regression coefficient a and b, together with the crosscorrelation coefficient (R 2 ), are presented in Table 3 and in Figure 5 . The deviations (∆) between observed and predicted values were categorized into the three categories and the results are shown in Figure 6 . 
DISCUSSION
Evaporation from a water surface and evapotranspiration from a surface are important parts of the hydrological cycle. Climate change can disturb the hydrological cycle mainly through evapotranspiration. Accurate accounting of evaporation/potential evapotranspiration is crucial, particularly in the context of climate change.
One-parametric temperature-based models of evaporation/potential evapotranspiration can provide relatively sufficient estimations of these natural phenomena. A lot of similar studies have been published evaluating more complex models in similar humid conditions and provided the same or similar statistical indices of agreement of models e.g. TRAJKOVIC, KOLAKOVIC [2009] , EFTHIMIOU et al. [2013] and ČADRO et al. [2017] . More complex models and models with locally adjusted empirical coefficients have, in most cases, better statistical indices and it can be assumed that these models provide the most accurate estimations, like the simple equations evaluated in our study. The importance of local adjustment and calibration procedure has been highlighted by many authors worldwide e.g. XU et al. [2012] , BOGAWSKI and BEDNORZ [2014] , DORJI et al. [2016] and ČADRO et al. [2017] . GAO et al. [2015] 
CONCLUSIONS
The main objective of this study was an evaluation to see if simple one-parametric equations can provide an estimation of evaporation/potential evapotranspiration at a sufficient level of agreement. The study evaluated nine equations against observed evaporation from a 20 m 2 tank at Hlasivo station in the South of the Czech Republic.
The strictly statistical approach was represented by the Šermer equation (1), Beran and Vizina equation (2), and Mrkvičková equation (3). These equations were developed with data from the Czech Republic and former Czechoslovakia and only used temperature as an independent explanatory variable. These equations do not provide sufficient results and other evaluated equations with the same data requirements provide better results.
The second group of equations adds the effect of the season due to daylight or extra-terrestrial radiation to the model. These explanatory variables are calculated and do not need any measured data. Comparison with similar published studies showed that these very simple models have worse statistical indices than models, which use more climatological parameters.
The Thornthwaite equation (4) provides the best result in case of measured temperature, but this equation was evaluated on a very short time series due to missing data. In the case of interpolated temperature dataset, the results are not the best. The Oudin equation (17) Accurate estimation of evaporation/potential evapotranspiration is essential for a lot of application such a realtime irrigation scheduling or water resource planning and management. On the other hand, there are still groups of applications, which do not need a high accuracy of evaporation/potential evapotranspiration estimation, but it is important to find a model as simple as possible with sufficient accuracy of results and to be able to quantify errors in a model. For example, global studies focused on general water use or water balance with high uncertainties of input data, such as life-cycle assessment studies, water footprint studies or virtual water studies, use evaporation and evapotranspiration as an important input to the simulations but it is only one of many other inputs. For these types of applications, the simple empirical equations can be an effective way to achieve the aims of the study. For these types of applications, the inclusion of next explanatory variables in the calculation may not result in an increase of accuracy because these parameters usually are not measured but modelled with some error.
